Direct NMR observation and pKa determination of the Asp102 side chain in a serine protease.
The pK(a) value of aspartic acid in the catalytic triad of serine proteases has been a pivotal element in essentially every mechanism proposed for these enzymes over the past 40 years, but has, until now, eluded direct determination. Here, we have used the multinuclear 3D-NMR pulse programs HCACO and HCCH-TOCSY to directly identify and study the side-chain resonances of the aspartate and glutamate residues in uniformly (13)C-labeled α-lytic protease. Resonances from four of the six residues were detected and assigned, including that of Asp(102), which is notably the weakest of the four. pH titrations have shown all of the carboxylate (13)C signals to have unusually low pK(a) values: 2.0, 3.2, and 1.7 for Glu(129), Glu(174), and Glu(229), respectively, and an upper limit of 1.5 for Asp(102). The multiple H-bonds to Asp(102), long known from X-ray crystal studies, probably account for its unusually low pK(a) value through preferential stabilization of its anionic form. These H-bonds probably also contribute to the weakness of the NMR resonances of Asp(102) by restricting its mobility. The Asp(102)(13)C(γ) atom responds to the ionization of His(57) in the resting enzyme and to the inhibitor-derived oxyanion in a chloromethyl ketone complex, observations that strongly support the assignment. The low pK(a) value of Asp(102) would appear to be incompatible with mechanisms involving strong Asp(102)-His(57) H-bonds or high pK(a) values, but is compatible with mechanisms involving normal Asp(102)-His(57) H-bonds and moving His(57) imidazole rings, such as the reaction-driven ring flip.